The association between physical job activity and colon cancer was examined in a 19-year follow-up study of 1.1 million Swedish men. The relative risk (RR) of colon cancer in men employed in sedentary occupations was estimated at 1.3 (1.2-1.5, 90% confidence interval), with the highest risk for the transverse colon including flexures (RR = 1.6) and the lowest risk for the sigmoid (RR = 1.2). The relative risk for rectal cancer was not elevated. Age, population density, and social class did confound the relative risk and were controlled for, whereas marital status and geographic region did not. Furthermore, food habits and physical activity during leisure time were examined in the same occupations in another sample and it was judged unlikely that confounding from these factors could explain the association.
Colon cancer is a common western disease and much research has been directed towards its etiology. Most studies have focused on dietary factors (1), but associations with fat, fiber, vegetables, vitamins, etc. are not sufficient to explain the variation in incidence, and the possible impact of factors other than dietary habits is yet to be investigated.
The residing time in colon of dietary residues is an important metabolic factor which could affect the occurrence of colon cancer (2). Holdstock et al. (3) argue that physical activity affects the control of colonic transit and stimulates colon peristalsis. That physical activity may reduce the risk of colon cancer was suggested by Per-sky et al. (4) who found an association between baseline heart rate and colon cancer. This was supported by a recent report (5) in which the proportional incidence ratio for colon cancer in a sedentary job group was 1.6 in comparison with a physically active group.
The purpose of the present study was to evaluate the hypothesis of a causal association between sedentary jobs and colon cancer risk. The study was based on a 19-year follow-up of a cohort of 1.1 million men employed in sedentary and physically active occupations.
MATERIALS AND METHODS
The study population was derived from the 1960 Swedish census. All working men aged 20-64 years and born in Sweden were selected (in all 2 million men). For each subject the census provided information on age, occupation, social class, marital status, and domicile (from which population density and geographic region were obtained).
Two hundred forty-five occupations were classified according to physical job activity by two persons with extensive experience in occupational classification, working independently from each other. They had no other link to this investigation nor to other epidemiologic investigations, and were not aware of the purpose of the classification.
The average "sitting-time" during the working hours was used for classification: setting less than 20 per cent, sitting 20-49 per cent, sitting 50-79 per cent and sitting 80 per cent or more. Only occupations for which the two persons were in agreement were selected.
To validate the classification of occupations, comparisons were made with information from the Swedish population-based registry of twins (6) . From this registry we selected 8,000 men born in 1926-1958 who in 1973 answered a questionnaire including items about occupation, physical activity during working hours and leisure time, and food habits. According to each individual's description of his occupation in the questionnaire, he was classified into one of the 245 occupations in the 1960 census.
For the study population selected from the 1960 census, cases of colorectal cancer diagnosed during the period [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] were identified from the cancer-environment registry (7), which was created by means of a record linkage between the 1960 census and the 1961-1979 cancer registry. This was possible since all Swedish citizens have a unique identification number which was included in both registries. We selected malignant tumors of the colon (International Classification of Diseases (ICD) code 153, Seventh Revision) and rectum (ICD 154, Seventh Revision), excluding those with histopathologic diagnoses other than adenocarcinoma.
The cumulative incidence of cancer of the colon and rectum in the "exposed" group (sedentary jobs) was compared with that in the "reference" group (physically active jobs). The relative risk (RR) was estimated using an equivalent to the Mantel-Haenszel principle modified for cohort data and accompanied by 90 per cent testbased confidence interval (8) . Age (fiveyear groups), population density, social class, marital status, and region were controlled for.
RESULTS
Of the 245 occupations, the two concurrent classifications gave 41 sedentary occupations with 269,968 men sitting 50 per cent of the time or more (exposed group) and 89 physically active occupations with 953,940 men sitting less than 20 per cent (reference group). Only 10 occupations were classified as sitting 80 per cent or more. They were included in the group sitting 50 per cent or more. The group sitting 20-49 per cent consisted only of 11 occupations with 34,272 men. For the remaining occupations there was disagreement between the two concurrent classifications.
During the study period, there were 7,115 cases of colon cancer and 5,290 cases of rectal cancer (exposed + reference group). From each of these sites we excluded the 2 per cent with histopathologic diagnoses other than adenocarcinoma. Of the colon cancer cases, there were 15 per cent with multiple or unspecified location within the colon. These cases (ICD 153.4-153.9, Seventh Revision) were also excluded since they could not be used in the analysis for specific subsites. Their exclusion did not alter the results for the whole of the colon. The age standardized relative risk was 1.4 for colon cancer and 1.0 for rectal cancer.
To validate the classification of occupations, comparisons were made with the information obtained from the registry of twins. High agreement was found for the reference group, in which the proportion of individuals designated as physically active by occupation and who also described themselves as physically active was 95 per cent. For the exposed group (41 jobs classified as sedentary), however, there was some disagreement. In six of these occupations (motor vehicle drivers, general managers, commercial travellers, postmasters, special teachers, chemists) less than 70 per cent of the twins classified their job as sedentary. These six occupations (168,193 men) were excluded. After this exclusion the proportion of individuals designated as sedentary and who also described themselves as sedentary was 87 per cent (table  1) . groups was also obtained from the registry of twins. Food frequency showed either no or negative correlations between sedentary jobs and putatively high-risk diet for items consumed daily by 10 per cent or more. When anatomic subsite of cancer within the colon was examined, the relative risk (RR) was lowest in the sigmoid colon (RR = 1.2) and highest in the transverse colon including flexures (RR = 1.6) (table 3).
DISCUSSION
Colon cancer was 1.3 times more common among men in sedentary jobs than in physically active jobs. Whether this represents a true causal association between physical job activity and colon cancer risk or if some kind of bias is operating should be considered. There are two main problems with regard to exposure: firstly, the classification of different occupations according to physical activity level, and secondly, the fact that our information on occupation is restricted to one year, 1960.
To validate the classification determined by the "specialists," we compared their judgment with information from the registry of twins which showed how each subject had judged the physical activity level of his own occupation. Overall, there was a high agreement between the classification by the "specialists" and that given by the subject in the registry. However, there were six occupations with a lower agreement between the two classifications, and we reanalyzed the data after exclusion of these occupations.
The occupational data are from 1960 with no information from the years before or after that. Job turnover and total working time in the particular occupation were not recorded. Thus, a diluted division of physical activity level has to be anticipated. The direction of this bias, however, with unexposed in the exposed group and vice versa, would lead to an underestimation of the relative risk. We restricted our study to men since nonoccupational activity constitutes a greater part of women's physical activity. However, information from the registry of twins indicated that workers in sedentary jobs tend to exercise as much as workers in physically active jobs during their leisure time. Such an equal distribution of unmeasured physical activity also indicates that by this method we have probably underestimated the effect of overall physical activity.
As to confounding factors, control for age, population density, and social class did influence the relative risk estimates whereas marital status and geographic region did not. Food habits are possible confounding factors, since there could be an association between sedentary jobs and food constituents that cause colon cancer. However, information from the registry of twins indicated that for items consumed daily by 10 per cent or more, food frequencies show either no or negative correlations between sedentary jobs and putatively high-risk diet. Hence, it seems unlikely that the excess risk found in sedentary workers could be explained by confounding from food habits. The accuracy of the cancer-environment and cancer registry data has been checked in different ways. There is a double check in cancer registration since it is mandatory that a cancer be reported to the cancer registry both by the physician in charge and the pathologist/cytologist. A comparison of the cancer registry and death certificates gave a 3.6 per cent deficit of colon cancer in the cancer registry (9) . Random sample quality control disclosed that in the linkage between the cancer registry and the 1960 census, 0.5 per cent of the links were inaccurate due to incorrect personal identification numbers (10). Only 1.2 per cent of the persons from the cancer registry were not identified in the census (11) .
There are some data from previous studies in support of an association between physical activity and colon cancer. Heart rate has been found to be related to colon cancer (4). Further, heart rate has been inversely associated with exercise (12, 13). In a recent paper, the relationship between physical job activity and colorectal cancer was investigated in Los Angeles (5) . For colon cancer the proportional incidence ratio for the sedentary group was found to be 1.6 in comparison with a physically active group. Our findings also support an association between sedentary jobs and colon cancer, although the relative risk was somewhat lower than in the Los Angeles study. It should be remembered, however, that in the present study the misclassification of occupational activity level mentioned in the beginning of the discussion may very well have led to some underestimation of the relative risk. As in the Los Angeles study, our findings suggest a weaker association with cancer of the lower (sigmoid) part of the colon. However, in their study the association was strongest for lesions in the descending colon. In the present study the highest relative risk was found for the transverse colon including flexures.
The mechanism of a possible association awaits further elucidation. Physical activity appears to stimulate colon peristalsis (3) , and this may shorten the duration of actual contact between carcinogenic agents and the mucosa. This could also explain why physical activity does not decrease the risk of rectal cancer. The rectum is only intermittently filled with feces, and colon peristalsis does not greatly affect the duration of feces in the rectum.
In conclusion, the results support the hypothesis that there is a causal association between sedentary jobs and colon cancer risk. Potential sources of bias have been discussed. Misclassification of exposure may have led to an underestimation of the relative risk. Several confounding factors were controlled for in the analysis. It is unlikely that differences in food habits between the groups can explain the association. The findings are in agreement with a previous epidemiologic study from Los Angeles. Furthermore, several other observations could support an association between low physical activity and colon cancer risk. Since, both colon cancer as well as low physical activity are common in western societies, a causal association would be of considerable importance.
